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Symbol Unit Equivalent 





GeV 
3.710" dps 
0.394 inch 
counts per minute 
disintegrations per minute 
disintegrations per second 
1.6 10-" ergs 
gram(s) 
giga electron volts 1.6 10-* ergs 
kilogram(s) 1,000 g = 2.205 Ib 
square kilometer(s) 
kilovolt peak 

cubic meter(s) 
milliampere(s) : 
millicuries per square mile__| 0.386 nCi/m? 
(mCi/km*) 


1.6X10--* ergs 


million’ (mega) electron 
olts 


square mile(s) 
milliliter (s) 
millimeter(s) 
nanocuries per square meter.) 2.59 mCi/mi* 
picocurie(s) 10—" ourie = 2.22 dpm 
roentgen 
unit of absorbed radiation 
dose 100 ergs/g 
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Reports 


Tritium in Surface Waters of the United States, 1966 


A. A. Moghissi and C. R. Porter' 


During 1964, a tritium sampling network was established by the 
Public Health Service to measure the levels and consequently to deter- 
mine the public health significance of tritium in surface waters of the 
United States. The analytical procedures used are described. Data for 
the samples -obtained are presented. A means for estimating the radia- 
tion dose resulting from tritium in the body is developed. 


Tritium is a radionuclide possessing extraor- 
dinary properties. With a mass three times 
that of protium (the hydrogen isotope with the 
mass number one), tritium causes the highest 
known isotope effect. The low beta energy 
emission with a maximum of 18 keV requires 
special procedures for its detection and meas- 
urement. The public health significance of 
tritium arises from the fact that it can replace 
protium in the biological processes. Although 
the amount of tritium occurring in natural 
sources is small, the atmospheric testing of 
thermonuclear devices and the expanding nu- 
clear industry have caused a considerable in- 
crease in the environmental levels of tritium. 

During 1964, a Tritium Sampling Network 
was established by the Public Health Service to 
measure the levels, and consequently to deter- 
mine the public health significance of tritium 
in surface waters of the United States. To 
obtain coverage of the major river basins, 10 
stations were selected from the 131 existing 
water pollution surveillance sampling stations 
operated by the Federal Water Pollution Con- 
trol Administration. Eight of these stations 


1Dr. Moghissi is chief, Physical Sciences and Mr. 
Porter is chief, Analytical Services, Southeastern 
Radiological Health Laboratory; Montgomery, Ala. 
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are located downstream from nuclear facilities 
and the other two stations serve to establish 
baseline levels. The results of the initial study 
were published previously (1). Beginning in 
1966, samples have been obtained from the 
Savannah River near Beaufort, S. C., and 
Augusta, Ga.; and the Broad River near Co- 
lumbia, S. C. These three stations are part of 
the environmental surveillance program of the 
South Carolina State Board of Health, and in- 
clude two stations located in the vicinity of 
the Savannah River Plant operated by E. I. 
du Pont de Nemours and Company for the 
Atomic Energy Commission. The locations of 
the sampling stations are given in table 1. 


Analytical procedures 


Composites of weekly grab samples (1 liter) 
of each calendar month are shipped in dispos- 
able containers for the Southeastern Radiologi- 
cal Health Laboratory for analysis. The samples 
are distilled, and 5-ml aliquots are taken for 
counting. Duplicate aliquots are mixed with 20 
ml each of a scintillation solution of 7 grams 
2,5-diphenyloxazole (PPO), 1.5 grams p-bis- 
(o-methystyryl)-benzene (bis-MSB), and 120 
grams naphthalene per liter of dioxane. All 
operations involving the scintillation solution 
are carried out under red light. A Beckman 
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Collection site 





Big Sioux River: 
Sioux Falls, S. D___- 
Clinch River: 
Kingston, Tenn 
Colorado River: 
Boulder City, Nev_- 
Columbia River: 
Northport, Wash - _. 
‘asco, Wash_-___-__- 
Hudson River: 
Poughkeepsie, N. Y- 
Mississippi River: 
New Orleans, La___. 
Ohio River: 
Toronto, Ohio 
Rio Grande: 
El Paso, Tex 
Savannah River: 
Port Wentworth, 


Ga 
Beaufort, 8. C___-__- 




















* Minimum limits of detectability were: 
January-February, 2 nCi/liter 
March, June—-December, 0.6 to 0.2 nCi/liter (see text) 
April-May; 4.1 nCi/liter 

>» No sample received. 


liquid scintillation counting system is used. A 
background sample is counted with each of the 
duplicates and a standard is counted between 
the duplicates. The counting time is 100 min- 
utes. Details of the procedure are given by 
Moghissi, et al (2). 

January and February samples were ana- 
lyzed by procedures described previously (1), 
with a minimum limit of detectability of 2 nCi/ 
liter. March and June—December 1966 samples 
were analyzed according to the procedures de- 
scribed above. Improvements in sample prepa- 
ration during this time decreased the minimum 
limit of detectability from 0.6 to 0.2 nCi/liter. 
April and May samples were analyzed by the 
Robert A. Taft Sanitary Engineering Center 
in Cincinnati, Ohio, with a minimum limit of 
detectability of 4.1 nCi/liter. 


Results 


Data for the samples collected during 1966 
are presented in table 1. The values are asso- 
ciated with the stated counting errors at 2 o 
confidence level. As expected, there is a large 
variation in the tritium concentrations of the 
surface waters; the largest variation is found 
in rivers near large nuclear installations. Be- 
cause of differences in methods utilized through- 
out the year, no attempt was made to deter- 
mine an average concentration. 
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Table 1. Tritium concentration of surface waters in the United States, 1966" 





Concentration 
(nCi/liter) 


Oo » © © be b» & & 
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Radiation dose to the population 


The radiation dose resulting from tritium in 
the body can be estimated by using the relation- 
ship between the body burden q (in »Ci) and 
R (in rem/week) recommended by the Inter- 
national Commission for Radiological Protec- 
tion (ICRP) (3): 


28 x 10° meR 
(1) 





foe 


where m is the mass of the organ of reference 
(in this case, m — 70 kg, the mass of the total 
body), f. is the fraction of the body burden 
in the organ of reference (equal to 1 for trit- 
ium), and « is the effective absorbed energy 
per disintegration of the radionuclide (equal 
to 0.01 MeV for tritium). Although Shtukken- 
berg (4) proposed an RBE factor (6) of 3 for 
beta emitters with the maximum energy of 
less than 60 keV, experiments with tritiated 
thymidine (5) have introduced more uncer- 
tainties regarding the RBE factor for tritium. 
A value of 1.7 (3) has been used for the present 
calculations, in accordance with recommenda- 
tions of ICRP. 

If R is expressed in millirem/year, then 
equation (1) becomes 
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R = 2.65 q (2) 


The hydrogen content of the standard man is 
7,000 grams (3), which if oxidized would re- 
sult in 63 liters of water. Assuming an even 
distribution of tritium in the body, and follow- 
ing the recommendations of the International 
Commission on Radiological Units and Meas- 
urements, (ICRM) (6), replacing R by DE 
[Dose Equivalent] equation (2) results in the 
following relationship: 


DE (mrem/yr) = 0.17 C (nCi/liter) (3) 


where C represents the tritium concentration 
in the body in nCi/liter of water. 

In estimating radiation dose to the public 
based on observed tritium concentrations in 
surface water, it is assumed that the concen- 
tration of tritium in all water taken into the 
body is equal to that found in surface water, 
and that the specific activity of tritium in the 
body is essentially the same as that in the 
surface water. Furthermore, it is assumed that 
a change in the concentration of tritium in the 
water will produce a corresponding body 
change in a relatively short period of time. 
The latter assumption is justified by the short 
(around 12 days) biological half-life of trit- 
ium (3). 

Based on the range of concentrations of 
tritium in surface waters, the expected aver- 
age values for C are between 2 and 15 nCi/ 
liter, which correspond to a whole-body dose 
to the general population of between 0.3 and 
2.5 millirem/year. In terms of Federal Radia- 
tion Council guidance, this represents 0.2 to 
1.5 percent of the Radiation Protection Guide 
(170 mrem/year) for an average dose to a 
suitable sample of the population (7). 

It is of particular interest to estimate the 
contribution of tritium from a major nuclear 
installation to the radiation exposure of the 
public. For example, it may be seen that the 
increase in tritium concentration in the Savan- 
nah River between Augusta, Ga., and Beau- 
fort, S. C., following the discharge from the 
Savannah River Plant is in the range of 6 to 
10 nCi/liter. Inasmuch as Beaufort receives 
its drinking water primarily from the Savan- 
nah River, this tritium concentration corre- 
sponds to an estimated whole-body dose of 1.0 
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to 1.7 mrem/year, or in terms of Federal] Radia- 
tion Council guidance, 0.6 to 1.0 percent of the 
Radiation Protection Guide for an average dose 
to a suitable sample of the population (7). 

It should be emphasized that the above calcu- 
lated doses apply only to the areas sampled and 
cannot necessarily be extrapolated to other 
locations. 
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Tritiated Moisture in the Atmosphere Surrounding a Nuclear Fuel 
Reprocessing Plant’ 


J.C. Daly, A. V. Manchester, J. J. Gabay and N. I. Sax? 


A new wide-area sampling technique was used to collect more than 
700 tritiated moisture samples over a 2-month period from seven 
sampling legs radiating out from a nuclear fuel reprocessing plant. 
For the 28 sampling periods studied, the average tritium radioactivity 
on the sampling leg northwest of the plant exceeded 2,500 pCi/liter, 
75 percent of the time and exceeded 10,000 pCi/liter, 39 percent of the 


time as opposed to ambient levels of <2,500 pCi/liter. 


The highest 


tritium level recorded was 26,400 pCi/liter. These data are reported 
not so much for their epidemiologic value as for their value to public 
health agencies contempating radiological surveillance around nuclear 


facilities. 


The nuclear fuel reprocessing plant, Nuclear 
Fuel Services, Inc. (NFS), located in western 
New York State, about 30 miles south of 
Buffalo, has been operational for approximately 
2 years. One of the radionuclides it releases 
into the environment is tritium. It has been 
estimated that about 200 curies of tritium per 
day will be released during the reprocessing 
of spent fuel elements (1). Of this, 25 percent 
is released via the stack, 65 percent via liquid 
discharge into Buttermilk Creek and the re- 
maining 10 percent goes to waste storage. 

In order to determine the dispersion pattern 
and to relate the amount of tritium discharged 
to levels of tritium in atmospheric moisture, 
an intensive study of the area surrounding 
the plant was undertaken during the summer 
of 1967. A secondary goal was the evaluation 
of a new sampling technique for tritiated 
moisture. 


1 Supported by U. S. Public Health Service Grant 
No. RH-00412-03, National Center for Radiological 
Health. 

2 Mr. Daly is a senior chemist with the Radiological 
Sciences Laboratory, New York State Health Depart- 
ment; Mr. Manchester is a field research scientist with 
Health Research, Inc., New York State Health Depart- 
ment; Mr. Gabay is senior research scientist, and Mr. 
Sax, associate research scientist, both with Radiological 
Sciences Laboratory, Division of Laboratories and Re- 
search, New York State Health Department, Albany, 
N.Y. 12206. 
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Relatively little information is available con- 
cerning the levels of tritium released into the 
atmosphere by nuclear facilities. Most atmos- 
pheric surveillance programs encompass only 
gross beta measurements (2-4). Schmidt (5) 
fails to mention it a3 a constituent of the efflu- 
ent. Monitoring of the atmosphere for tritium 
is briefly mentioned in Monsanto Research 
Corporation’s environmental monitoring re- 
ports (6-7), but these reports state only that 
tritium levels were below the limit of detec- 
tion. 


Sampling method 


The device used to collect tritiated moisture 
samples has been previously described in detail 
(8). Briefly, it consists of 200 g of silica gel 
in a plastic-screen bag. The unit is placed in 
a mason jar, sealed and shipped to the field 
where the silica gel bag is removed, suspended 
from a convenient overhang and allowed to 
extract moisture from the air. At the end of 
the sampling period it is replaced in the mason 
jar, which is sealed, and returned to the labo- 
ratory for tritium analysis. 

Sampling legs (figure 1) were established 
which radiated from the plant with the stack 
as origin. The sampling points on each sam- 
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Figure 1. Sampling points for tritiated moisture 
surrounding NFS site 


pling leg were numerically identified with the 
lowest numerical value assigned to the point 
closest to the plant as shown for leg A in 
figure 1. The sampling period was 48 hours of 
exposure of the silica gel sampler to the atmos- 
phere. This method of sampling food affords 
two important advantages. 

First, it allows large scale sampling with a 
minimum of difficulty. The only requirement 
is that the samplers must be distributed and 
then collected at the end of the sampling period. 
No power source, complicated equipment or 
measuring devices are necessary. The only 
limitation is the total distance involved in the 
placement and collection of the samples along 
the sampling network. The ability to do large 
scale sampling is a marked advantage in the 
determination of a dispersion pattern. 

A second advantage to this sampling tech- 
nique is the elimination of many of the uncer- 
tainties usually associated with the measure- 
ment of such parameters as air flow rate and 
collection efficiency which are necessary to 
compute tritium concentration in terms of 
radioactivity per unit volume. To delineate a 
distribution pattern, it is only necessary to 
compare the tritium content of the water vapor 
at one sampling point to that at other sampling 
points. Consequently, we need not concern our- 
selves with any sampling parameters other 
than perhaps the sampling period which is of 
interest only because we want to compare 
measurements taken within a given time in- 
terval. 
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Analytical method 


Liquid scintillation counting techniques as 
described by Butler (9) are used, with slight 
modification. The sample is not enriched. 
Samples are vacuum distilled and 3 ml of the 
distillate are mixed with 17 ml of scintillator. 
Standard and background samples are prepared 
in the same manner as by Butler except these 
samples are not distilled. Background samples 
consisting of 3 ml of low tritium content water 
(3 pCi/liter) mixed with 17 ml of scintillator 
are used. 

A Beckman liquid scintillation counting sys- 
tem (model LS—200 B) was used at a counting 
efficiency for tritium of 28 percent. Background 
counting rates are about 13-14 cpm. Based on 
a counting efficiency of 28 percent, a back- 
ground of 13.5 cpm, a counting time of 100 
minutes for sample and 300 minutes for back- 
ground, and a 3 ml sample, the sensitivity for 
the Beckman system is 500 pCi/liter + 100 
percent at the 95-percent confidence level. Fig- 
ure 2 shows the relationship between counting 
error and specific activity of the sample. It 





Liquid scintillation counter 

counting efficiency 28% 
Background 13.5 cpm 
Semple counting time 100 min. 
Background counting time 300 min. 
Sample size 3 mi. 














nCi/liter 


Figure 2. Counting error vs. level of tritium activity 


should be noted that at tritium levels above 
1,000 pCi/liter, the counting error is less than 
+ 50 percent. Above 5,000 pCi/liter, the 
counting error is reduced to 10 percent or 
less. The majority of water vapor samples 
analyzed were greater than 1,000 pCi/liter. 


Discussion 


Over 700 samples were collected on seven 
sampling legs during a 2-month period. The 
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Table 1. Tritium levels on sampling leg A (north of NFS) 
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Tritium levels at sampling points 


A-2 (2.0) A-3 (2.5) A-4 (3.3) A-5 (4.0) 


—CWNN SW 
SNOW —tot 
CNQAWON-D 
Nye eww 


Te eee eee 
~mowomot whwwomets 


Dim WAwWOOoawes 


to Meo 


WOW me OOO 
= 


Q— ue hha A ’ 
DID RinhAD WHAwKOM ahd 
eoqnnpesrtens 


es Bwive 
eee oe 


C0000 WOOO MOOmD NNNNNNNS 
ate SaaS AS AS 


— le te 
oO 


Cw 

a 

—CO@mnuw 

Scusee ANEADDoanwDen Valeake 








—toe 
Ouest 














i] 
oo 
Herm OW OHORHMD WH WNSH TRA aH 
- Sees 
CauUDrwo 


nib 


dom Son orto 


| 


* Figures in parentheses indicate the number of miles from NFS. 
NS, no sample collected. 


study began in July 1967 and ran through the . Tritium levels on sampling leg B 
middle of September 1967. Tables 1 to 7 panneecianncinelibcanend 

present the tritium radioactivity at each sam- 
pling point for all sampling legs for this 
2-month span. Present ambient levels of trit- 
ium are about 200-1,000 pCi/liter for atmos- memeedanes 
pheric moisture or precipitation (10), due to : ff ee | Cee wets 
cosmic ray produced tritium and tritium re- 

sulting from nuclear weapons testing (11). 

On this basis one can assume that tritium 
radioactivity in excess of these values can be 
attributed to tritium locally injected into the 
atmosphere in the area of the NFS site. It 
can readily be seen that the tritium radioactiv- 
ity is generally higher in this area than in 
nonindustrial localities. 

If one takes 2,500 pCi/liter as an arbitrary 
cutoff, analysis of the average tritium radio- 30 
activity (table 8) per sampling leg for all sam- 9/07-9 
pling periods yields the number of occurrences 
of radioactivity above this level for each sam- 
pling leg. In 21 cases out of 28, the tritium 
radioactivity in water vapor exceeds 2,500 pCi/ —9/1-9/ 
liter on sampling leg G. Sampling legs A and E —_ ; 
have a frequency of about 20 percent as com- * Figures in parentheses indicate the number of miles from NFS. 


NS, no sample collected. 
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Table 3. Tritium levels on sampling leg V (east of NFS) 
Concentration 
(nCi/liter) 





Sampling dates 
Tritium levels at sampling points 
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* Figures in parentheses indicate the number of miles from NFS. 
NS, no sample collected. 


Table 4. Tritium levels on sampling leg D pared to 75 percent for leg G. The lowest levels 
(southeast of NFS) ates 
appeared along leg C, where average tritium 
Concentration level never exceeded 2,500 pCi/liter. The dis- 
sendin _____ persion pattern of tritiated atmospheric mois- 
Tritium levels at sampling pointe ture in the area is readily discernible. 


D-2 (1.5)* D-3 (2.7) D-4 (3.4) 
. — Summary 
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It was demonstrated that the sampling tech- 
nique was well suited to the type of study 
undertaken. Quantitative information on trit- 
ium levels in atmospheric moisture and dis- 
persion patterns for tritiated atmospheric 
moisture were obtained for the fuel reprocess- 
ing site. It is recognized that much more of 
such work needs to be done. Further studies 
will attempt to determine the contributions of 
local sources of HTO, followed by correlation 
of meteorological data to dispersion patterns. 
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SECTION I. 


In the determination of the internal expo- 
sure to man from environmental radiation 
sources, primary interest centers on radio- 
nuclides in the diet. Federal and State agencies 
are involved in efforts to monitor continuously 
the dietary intake of radionuclides. The most 
direct measure of radionuclide intake would 
be obtained by radioanalysis of the total 
diet. Difficulties in obtaining specific dietary 
data impede this approach. An alternate method 
entails the use of indicator foods to arrive at 
an estimate of the total dietary radionuclide 
intake. 

Fresh milk is one such indicator food. It is 
consumed by a large segment of the U.S. popu- 
lation and contains most of the biologically 
significant radionuclides which appear in the 
diet. It also is one of the major sources of 
dietary intake for the short-lived radionuclides. 
For these reasons, fresh milk is the single food 
item most often used in estimating the intake 
of selected radionuclides by the general popu- 
lation and/or specific population groups. In 
the absence of specific dietary information, it 
is possible to approximate the total daily 
dietary intake of selected radionuclides as being 
equivalent to the intake represented by the 
consumption of 1 liter of fresh milk. 

The Federal Radiation Council (FRC) has 
developed Radiation Protection Guides 
(RPG’s) for controlling normal peacetime nu- 
clear operations, assuming continuous exposure 
from intake by the population at large (1-3). 
The RPG’s do not and cannot establish a line 
which is safe on one side and unsafe on the 
other; they do provide an indication of when 
there is a need to initiate careful evaluation of 
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MILK AND FOOD 


exposure (3). Additional guidelines are pro- 
vided by the FRC Protective Action Guides 
(4) and by the International Commission on 
Radiological Protection (5,6). 

Data from selected national, international, 
and State milk and food surveillance activities 
are presented herein. An effort has been made 
to present a cross-section of routine sampling 
programs which may be considered of a con- 
tinuing nature. Routine milk sampling has 
been defined as one or more samples collected 
per month. 
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National and International Milk Surveillance 


As part of continuing efforts to quanti- 
tatively monitor man’s exposure to radionu- 
clides, various national and international or- 
ganizations routinely monitor radionuclide 


levels in milk. In addition to those programs 
reported below, Radiological Health Data and 
Reports coverage includes: 


Program 
Radiostrontium in milk, HASL 


Period reported 
July—December 1966 


Last presented 
September 1967 











1. Pasteurized Milk Network 
March 1968 
National Center for Radiological Health 
and National Center for Urban and 
Industrial Health, PHS 

The Public Health Service’s Pasteurized 
Milk Network (PMN) is designed to provide 
nationwide surveillance of radionuclide con- 
centrations in milk through sampling from 
major milk production and consumption areas. 
The present network of 63 stations (figure 1) 
provides data on milk in every State, Wash- 
ington, D.C., the Canal Zone, and Puerto Rico. 
The most recent description of the sampling 
and analytical procedures employed by the 





PMN appeared in the January 1968 issue of 
Radiological Health Data and Reports (1); 
the February 1968 issue (2) introduced several 
changes in the interpretation and reporting of 
data. 


Table 1. Analytical errors associated with determinations 
of radionuclide concentrations in a milk sample 
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Nuclide 
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Figure 1. 


Pasteurized Milk Network sampling stations 
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Table 2. Average concentrations of radionuclides in pasteurized milk for March 
and the 12-month period, April 1967-March 1968 





Radionuclide concentration 
(pCi/liter) 
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* See text for averaging procedure. 
> 12-month averages represent only 9 months data. 
NA, no analysis. 


Table 1 shows the approximate analytical tions in milk. These errors were determined 
errors (including counting error) associated by comparing results of a large number of 
with determinations of radionuclide concentra- _replicate analyses. Table 2 contains averages 
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for March 1968 and 12-month averages for the 
period April 1967 through March 1968. The 
12-month average enables evaluations of popu- 
lation exposure with respect to the guidance 
provided by the Federal Radiation Council, 
which suggests average total daily intakes 
“averaged over periods of the order of a year,” 
as an appropriate criterion (3). The average 
radionuclide concentrations are based on re- 
sults obtained from samples collected weekly. 
Whenever weekly concentrations were less than 
or equal to the appropriate minimum detectable 
levels, zero was used for averaging purposes 
(2). At very low radionuclide concentrations 
this often results in averages lower than the 


minimum detectable concentration for a single 
sample, but any positive value reflects at least 
one weekly sample which was above the min- 
imum detectable level. The minimum detect- 
able concentration is defined as the measured 
concentration equal to the two-standard devia- 
tion analytical error. Accordingly, the mini- 
mum detectable concentrations in units of 
pCi/liter are: strontium—89, 5; strontium-90, 
2; cesium-137, barium-140, and iodine—131, 
10. 

The average strontium—90 concentrations in 
pasteurized milk from selected cities are pre- 
sented in figure 2. 
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Figure 2. Strontium-90 concentrations in pasteurized milk, 1964-March 1968 
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2. Canadian Milk Network ' 
March 1968 


Radiation Protection Division 
Department of National Health and Welfare 


Since November 1955, the Radiation Protec- 
tion Division of the Department of National 
Health and Welfare has been monitoring milk 
for radionuclide concentrations. Powdered milk 
was originally sampled, but liquid whole milk 
has been sampled since January 1963. At 
present, 16 milk sampling stations (figure 3) 
are in operation. Their locations coincide with 
air and precipitation sampling stations. 

Milk samples are collected three times a 
week from selected dairies and are combined 
into weekly composites. The contribution of 
each dairy to the composite sample is directly 
proportional to the liquid volume of sales. 
Weekly spot check analyses are made for 
iodine-131, and monthly composites are ana- 
lyzed for strontium—90, cesium-—137, and stable 


1 Prepared from April 1968 monthly report, “Data 
from Radiation Protection Programs,’ Canadian De- 
ea of National Health and Welfare, Ottawa, 
Canada. 


calcium and potassium. The analytical proce- 
dures were outlined in the April 1968 issue of 
Radiological Health Data and Reports (4). 

The March 1968 monthly average strontium— 
90, cesium-137, and stable calcium and potas- 
sium concentrations in Canadian whole milk 
are presented in table 3. Iodine—131 and stron- 
tium-89 concentrations were below minimum 
detectable levels. 


Table 3. Stable elements and radionuclides in Canadian 
whole milk, March 1968 
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Figure 3. Canadian milk sampling stations 
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3. Pan American Milk Sampling Program 
March 1968 


Pan American Health Organization and 
U.S. Public Health Service 


The Pan American Health Organization 
(PAHO) in collaboration with the U.S. Public 
Health Service (PHS), furnishes assistance to 
health agencies in the American Republics in 
developing national radiological health pro- 
grams. 

Under a joint agreement between agencies, 
air and milk sampling activities are conducted 
by a number of PAHO member countries (fig- 
ure 4). Results of the milk sampling program 
are presented below. Further information on 
the sampling and analytical procedures em- 
ployed was presented in the December 1966 
issue of Radiological Health Data and Reports 


(5). 
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Figure 4. Pan American Milk Sampling Program stations 
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Table 4 presents stable potassium, stron- 
tium-90 and cesium-137 monthly concentra- 
tions for March 1968. 


Table 4. Stable element and radionuclide concentration 
in Pan American milk," March 1968 





Strontium- 
Potassium 90 > Cesium 
(g/liter) (pCi -137 » 
liter) (pCi/liter) 


Number 
of samples 


Sampling stations 


Chile: Santiago 

Colombia: Bogota 

Ecuador: Guayaquil-_-- 

Jamaica: a a 
Bay - 

Cc ‘anal Zone: Cc ristobal e : 

Puerto Rico: San Juan *.| 5 .6 

















* All strontium-89 results were <5 pCi/liter; iodine-131 and barium-140 
results were $10 pCi/liter, 

> Strontium-90 single sample results <2 pCi/liter and cesium-137 
results <10 pCi/liter are reported as 0. 

¢ For comparison, the radionuclide concentrations in Pasteurized Milk 
Network samples collected at Cristobal, Canal Zone, and San Juan, 
Puerto Rico, are presented. 
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State Milk Surveillance Activities 


Considerable progress has been made by the 
State health departments in initiating or ex- 
panding environmental surveillance activities 
in radiological health. Many of the States now 
have comprehensive environmental surveillance 
programs and_ self-sustaining radiological 
health laboratories. 

The continuing efforts of State health de- 
partments in the analysis and monitoring of 
radionuclides in milk complement Federal milk 
surveillance activities. State milk surveillance 
activities are continually undergoing develop- 


State milk network 





Period reported 


mental changes. The results presented herein 
are representative of current surveillance ac- 
tivities directed at the use of milk as an indi- 
cator of dietary intake of radioactivity. 

Figure 1 shows the States which report 
milk surveillance activities in Radiological 
Health Data and Reports. States having pro- 
grams appearing in this issue are highlighted 
in the figure. Following is a summary of pre- 
viously covered State programs, their reporting 
period, and issue of appearance. 


Last presented 





California 
Connecticut 
Indiana 

Iowa 
Michigan 
Minnesota 
New York 
Oregon 
Pennsylvania 
Washington 


October-December 1967 
October-December 1967 
October-December 1967 
October-December 1967 
October-December 1967 
October-December 1967 
October-December 1967 
October-December 1967 
October-December 1967 
October-December 1967 





June 1968 
May 1968 
May 1968 
May 1968 
May 1968 
May 1968 
May 1968 
June 1968 
May 1968 
June 1968 





LEGEND: 
$a; States Currently Reported 
Eg States Previously Reported 





Figure 1. Reported State milk programs 
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1. Colorado Milk Network 
January-March 1968 


Air, Occupational and Radiation Hygiene 
Division, Colorado State Department 
of Public Health 


The Radiation Hygiene Section of the Colo- 
rado State Health Department initiated analy- 
sis of milk for gamma-ray emitting radionu- 
clides in January 1962. Initially a composite 
milk sample from the major producers supply- 
ing the Denver area was collected by the Denver 
City and County Health Department for the 
State. 

In August 1962, the State expanded this pro- 
gram to include the sampling of raw milk from 
the major milk producing areas supplying the 
entire State. The routine sampling rate was es- 
tablished by the Milk, Food and Drug Section 
of the State Health Department. Milkshed 
areas are shown in figure 2. 


Analyses are performed for iodine-131, 


barium-lanthanum-140, cesium—137 and potas- 
sium by gamma-ray spectrometry. Employed 
in this procedure is a 4- by 5-inch diameter 


Nal (Tl) crystal housed in a modified office 
safe lined with 2 inches of lead and a 512 multi- 
channel pulse-height analyzer using a type- 


writer readout. Samples and backgrounds are 
counted for 40 minutes in a 2 quart (1,892 ml) 
Plexiglas Marinelli beaker. Calculation is by 
the matrix method (1) and minimum detect- 
able concentrations (MDC, 3 c) are: iodine—131, 
15 pCi/liter; barium-ianthanum-140, 21 pCi/ 
liter ; cesium—137, 16 pCi/liter; and potassium, 
0.25 g/liter. 


Current summary 


Five milk samples were collected and counted 
during the period from January 1, 1968, to 
March 31, 1968. (Sampling was curtailed dur- 
ing February and March.) Iodine—131, barium- 
lanthanum-140 and cesium—137 were below the 
respective MDC’s in all samples. Potassium 
concentrations averaged 1.46 + 0.3 (2 oa) 
g/liter. 


Recent coverage in Radiological Health Data and 
Reports: 
Period 


July-September 1967 
October-December 1967 


Issue 


January 1968 
April 1968 























Figure 2. Colorado milk sampling stations 
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2. Florida Milk Network 
January-March 1968 


Division of Radiological Health 
Florida State Board of Health 


The Florida State Board of Health began 
sampling raw milk for iodine-131 analysis in 
two major areas of the State in November 1962. 
The program has been expanded to include the 
analysis of milk for strontium—89, strontium— 
90, cesium-137, barium—140 and potassium, in 
addition to iodine-131. Monthly samples are 
taken from randomly selected farms in each 
of the six regions shown in figure 3. A regional 
State Board of Health Laboratory is located in 
each of the six regions. Each laboratory pre- 
pares a monthly composite milk sample for 
its region by combining samples from 10 per- 
cent of the dairy farms selected at random. 
These composite samples are then sent to the 
State Radiological Health Laboratory in Or- 
lando for analysis. In the interest of maintain- 
ing an active standby capability, samples are 
also collected and analyzed for iodine—-131 on 
a monthly basis using the resin cartridge tech- 
nique (2). Milk produced in the counties com- 
prising each area is generally processed, 
marketed, and consumed in that area. These 
areas are characterized by differences in dairy- 
ing practices related to the gradual transition 
from small farms in the west Florida region, 
where locally grown feeds are used, to larger 
farms in the southern areas, where different 
types of grass and predominantly purchased 
feeds are used. 

Strontium-89 and strontium-90 are deter- 
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Figure 3. Florida milk sampling areas 


mined by the ion exchange method developed 
by Porter et al. (3). Iodine—-131, cesium—137, 
barium-—140 and potassium are determined by 
gamma-ray spectrometry (4). 

Radionuclide concentration levels for Janu- 
ary through March 1968, are presented in table 
1. Strontium-—89 analyses have been discon- 
tinued since 1965 due to extremely low levels. 
Iodine—131 concentration for this period at all 
locations were below the minimum detectable 
level of 20 pCi/liter. 


Recent coverage in Radiological Health Data and 
Reports: 
Period 


July-September 1967 
October-December 1967 


Issue 


January 1968 
April 1968 


Table 1. Stable element and radionuclide concentrations in Florida raw milk 


Concentration 
(g/liter) 


January-March 1968 


Radionuclide concentration 
(pCi/liter) 





P ; Potassium 
Sampling location 


Strontium-90 





| Jan | Feb | Mar 


Tampa Bay area-. --_--- 
Southeast 








NA, no analysis. 
ND, nondetectable. 
NS, no sample. 
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Jan | Feb | Mar 


Cesium-137 Barium-140 



































3. Tennessee Milk Network 
January-March 1968 


Division of Preventable Diseases 
Department of Public Health 
State of Tennessee 


The Tennessee Department of Public Health 
began sampling pasteurized milk for radio- 
nuclide analysis in July of 1965. Currently the 
Department is collecting semimonthly milk 
samples from three cities (figure 4). In order 
to obtain a representative sample of the milk 
consumed in the areas monitored, a sample is 
collected from each milk distributor supplying 
the city. The samples from the individual dis- 
tributors are then composited in proportion to 
the contribution each makes to the total city 
milk supply. 


Analytical procedures 


The semimonthly milk samples from each 
city are analyzed by gamma-ray scintillation 
spectrometry for potassium—40, iodine—131, 
cesium-137, and barium-140, using a 3.5 liter 
sample (5). After gamma-ray analysis, the 
samples are stored for 2 weeks to allow in- 
growth of daughter radioactivity, after which 
strontium-89, strontium-90, and barium—140 
concentrations are determined radiochemically 
using ion-exchange procedures. Chemical anal- 
yses are also made for stable calcium and 
potassium. 

The Chattanooga milk sample is monitored 
by both the State and the Public Health Serv- 


ice’s Southeastern Radiological Health Labo- 
ratory. This dual examination of aliquot sam- 
ples provides a crosscheck between the two 
laboratories. 


Results 


The monthly average stable element and 
radionuclide concentrations in Tennessee pas- 
teurized milk are presented in table 2 for the 
period of January through March 1968. Dur- 
ing this period, radionuclide concentrations 


were below the minimum detectable levels for 
strontium-89 (<5 pCi/liter), iodine-131 (<9 
pCi/liter), and barium-140 (< pCi/liter). 


Table 2. Radionuclides in Tennessee pasteurized milk 
January-March 1968 





Concen- 
tration 
(g/liter) 


Radionuclide 
concentration 
(pCi /liter) 
Location 


Potassium | Strontium | Cesium 
-137 





Chattanooga___..| January___._-_- 
February --- - - - - 
March 

Clinton January 
February 
March 


January 
February 
March 





rom theo hoe | 











Recent coverage in Radiological Health Data and 
Reports: 
Period 


July-September 1967 
October-December 1967 


Issue 


January 1968 
April 1968 


























Figure 4. Tennessee pasteurized milk sampling stations 
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4. Texas Milk Network 
January-March 1968 


Texas State Department of Health? 


The Texas State Department of Health ini- 
tiated a statewide milk sampling network for 
radionuclide content in April 1964. At present, 
samples of raw milk are collected from each 
of twelve sampling points once each calendar 
quarter. The station locations shown in figure 
5 were chosen to give maximum geographical 
and population coverage. 

Samples are routinely analyzed for stron- 
tium-—90 by a chemical separation technique 
employing ion exchange columns (6). Pre- 
pared samples are counted for 100 minutes in 
a low-background beta-particle counter. 

Potassium—40, iodine-131, barium-140 and 
cesium-137 concentrations are determined by 


* Acknowledgment is accorded to the staff of the 
Radiation Control Program, Division of Occupational 
Health and Radiation Control, under the direction of 
Mr. Martin C. Wukasch, chief engineer. 


gamma-ray spectrometry. The procedure em- 
ploys a 4- by 4-inch sodium iodide crystal and 
a 400-channel analyzer. Samples are counted 
for 100 minutes in a 3.5 liter Marinelli beaker. 
The matrix method of calculation is used and 
detection limits at the 95-percent confidence 
level are 10 pCi/liter. 


Results 


Potassium—40, strontium-—90 and cesium—137 
results by station and month for January 
through March 1968 are presented in table 3. 
During this time, the iodine—131, and barium— 
140 concentrations were below their limits of 
detectability (10 pCi/liter). A summary of 
radionuclide concentrations in Texas milk for 
the period from April 1964 through March 
1968 is presented in figure 6. 

Comparison of the observed radionuclide 
concentrations with the Federal Radiation 
Council guides for peacetime operation indi- 
cates that at no time during the period of 
surveillance did the radionuclide concentra- 
tions in Texas milk approach levels suggesting 
any remedial action (7). 
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Figure 5. Texas milk sampling stations 
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MONTHLY NETWORK AVERAGES 


CONCENTRATION (pCi/liter) 











Figure 6. Radionuclide concentrations in Texas milk 
April 1964—March 1968 


Table 3. Stable element and radionuclide concentrations 
in Texas raw milk network, January-March 1968 





Concentration | 
(g/liter) 


Radionuclide concentration 
(pCi/liter) 


Sampling Potassium Strontium-90 Cesium-137 
location * : 





Feb | Mar 


Amarillo- ----_.- 
Corpus Christi- - 


Harlingen - - _ __- 
Houston__---_-- 
Lubbock 
Midland 

San Antonio - --_- 
Texarkana 
Uvlade 

Wichita Falls_ - - 
































*Samples are collected quarterly from each sampling location on a 
staggered basis. 

ND, nondetectable. 

NS, no sample. 


Recent coverage in Radiological Health Data and 
Reports: 
Period 


July-September 1967 
October-December 1967 


Issue 


January 1968 
April 1968 


REFERENCES 


(1) COLORADO STATE DEPARTMENT OF PUB- 
LIC HEALTH, OCCUPATIONAL AND RADIO- 
LOGICAL HEALTH DIVISION. Colorado milk 
network, October-December 1964 and summary 1962- 
1964. Radiol Health Data 6:202-204 (April 1965); 
January 1965-June 1966. Radiol Health Data Rep 
7:573-575 (October 1966). 

(2) INDIANA STATE BOARD OF HEALTH, BU- 
REAU OF ENVIRONMENTAL SANITATION. 
Indiana milk network, April-June 1965. Radiol 
Health Data 6:612-614 (November 1965). 

(3) PORTER, C., D. CAHILL, R. SCHNEIDER, P. 
ROBBINS, W. PERRY, and P. KAHN. Improved 
determination of strontium-90 in milk by ion- 
exchange method. Anal Chem 33:1306-1309 (Sep- 
tember 1961). 

(4) FLORIDA STATE BOARD OF HEALTH, DI- 
VISION OF RADIOLOGICAL HEALTH. Florida 
milk network, July-December 1964. Radiol Health 
Data 6:611-612 (November 1965). 

(5) PORTER, C., R. AUGUSTINE, J. MATUSEK, 
JR., and M. CARTER. Procedures for determining 
stable nuclides in environmental samples, PHS No. 
999-RH-10. Superintendent of Documents, U.S. 
Government Printing Office, Washington, D. C. 20402 
(January 1965). 

(6) PORTER, C., and B. KAHN. Improved determi- 
nation of strontium-90 in milk by ion exchange 
method. Anal Chem 36:676-678 (March 1964). 

(7) FEDERAL RADIATION COUNCIL. Background 
material for the development of radiation protec- 
tion standards, Report No. 2. Superintendent of 
Documents, U.S. Government Printing Office, Wash- 
ington, D.C. 20402 (September 1961). 


Radiological Health Data and Reports 





Food and Diet Surveillance 


Efforts are being made by various Federal 
and State agencies to estimate the dietary in- 
take of selected radionuclides on a continuing 
basis. These estimates along with the guidance 
developed by the Federal Radiation Council, 
provide a basis for evaluating the significance 
of radioactivity in foods and diet. 


Program 
California Diet Study 
Connecticut Standard Diet 
Tri-City Diet, HASL 
United Kingdom Diet, ARCRL 


Period reported 


Networks presently in operation and re- 
yorted routinely include those listed below. 
aese networks provide data useful for de- 
veloping estimates of nationwide dietary in- 
takes of radionuclides. Programs most recently 
reported in Radiological Health Data and Re- 
ports and not covered in this issue are as fol- 
lows: 


Last presented 





July—October 1967 
July—December 1967 
April—December 1967 
Annual summary 1965 





May 1968 
May 1968 
June 1968 
December 1966 





1. Radionuclides in Institutional Diet 
Samples, October-December 1967 
and Annual Summary 1967 


National Center for Radiological Health 
and National Center for Urban and 
Industrial Health, PHS 


The determination of radionuclide concen- 
trations in the diet constitutes an important 
element of an integrated program of environ- 
mental radiological surveillance and assess- 
ment. In recognition of the potential signifi- 
cance of the diet in contributing to total en- 
vironmental radiation exposures, the Public 
Health Service initiated its Institutional Diet 
Sampling Program in 1961. This program is 
administered by the National Center for Radio- 
logical Health with the assistance of the Na- 
tional Center for Urban and Industrial Health 
(1). 

The program was designed to provide esti- 
mates of the dietary intake of radionuclides in 
a selected population group ranging from chil- 
dren to young adults of school age. Initially, 
the program was conducted at eight institu- 
tions; as of January 1965, its scope had in- 
creased to boarding schools or institutions in 
50 municipalities. These institutions ranged 
from financially well-to-do boarding schools to 
orphanages with severe economic limitations. 


July 1968 


Subsequent experience with the diets of 
school children of various ages indicated that 
the number of institutions sampled could be 
selectively reduced. As of July 1965, 21 basic 
institutions and 8 auxiliary institutions dis- 
tributed geographically as shown in figure 1, 
were being sampled. Previous results showed 
that the daily dietary intake of teenage girls 
and children from 9 to 12 years of age were 
comparable, while teenage boys consumed 20 
percent more food per day (1,2). Consequently, 
estimates for teenage boys and/or girls can be 
calculated on the basis of the dietary intakes 
of children. 

In general, the sampling procedure is the 
same at each institution. Each sample supplied 
monthly by each institution represents the edi- 
ble portion of the diet for a full 7-day week 
(21 meals plus soft drinks, candy bars, and 
other in-between snacks) obtained by dupli- 
cating the meals of a different individual each 
day. Drinking water, not included in the sam- 
ples, is also sampled periodically. Each daily 
sample is kept frozen until the end of the col- 
lection period, is then packed in dry ice and 
shipped by air express to either the South- 
western Radiological Health Laboratory, Las 
Vegas, Nev.; the Southeastern Radiological 
Health Laboratory, Montgomery, Ala.; or the 
Northeastern Radiological Health Laboratory, 
Winchester, Mass. A detailed description of 
sampling and analytical procedures was pre- 
sented earlier (3). 
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Figure 1. Institutional diet sampling locations as of September 1967 


Results 


Table 1 presents the analytical results for 
institutional diet samples collected from Octo- 
ber through December 1967, for children 9 
to 12 years of age. The stable elements, cal- 
cium and potassium, are reported in g/kg of 
diet, and the radionuclide concentrations of 
these samples, reported in pCi/kg of diet, are 
corrected for radioactive decay to the midpoint 
of the sample collection period, where appli- 
cable. Dietary intakes, in g/day or pCi/day, 
were obtained by multiplying the food consump- 
tion rate in kg/day by the appropriate con- 
centration values. The average food consump- 
tion rate during this period was 1.78 kg/day 
compared to the network average of 1.90 kg/ 
day observed from 1961 through 1964 (4). 

Strontium-90 dietary intake during this pe- 
riod averaged 14 pCi/day. This result falls 
within Range I as defined by the Federal Radia- 
tion Council (5). Cesium-137 intakes averaged 
26 pCi/day during this period. Strontium-89, 
barium-140, and iodine-131 concentrations 
were generally below detectable levels. 
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All concentrations that are less than or 
equal to the appropriate minimum detectable 
level will be reported as zero. The minimum 
detectable concentration is defined as the meas- 
ured concentration equal to the two-standard 
deviation analytical error. Accordingly, the 
minimum detectable limits are as follows: 


Strontium-89 
Strontium-90 
Iodine-131 
Cesium-—137 
Barium-—140 
Radium—226 


5 pCi/kg 
2 pCi/kg 
10 pCi/kg 
10 pCi/kg 
10 pCi/kg 
0.1 pCi/kg 


Data from eight auxiliary stations are in- 
cluded for general information and presented 
in table 2. These stations do not meet the cri- 
terion that the majority of the samples are 
collected from children whose ages range from 
9 to 12 years. In order to supplement the 
existing environmental monitoring networks of 
the National Center for Radiological Health, 
these eight institutions are being sampled in 
the same manner as the basic stations. 
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Table 1. Concentrations and intake of stable elements and radionuclides in Institutional 
total diets of children (9-12 years of age), October-December 1967 





Calcium Potassium 
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* Since food samples were collected from two or more children who were not between the ages of 9-12, data for this month was not used in institutional 
average. 


NA, no analysis. 

NS, no sample. 

Note: Since iodine-131, barium-140 and strontium-89 were not detectable at most stations during the fourth quarter 1967 no provision was made for 
these nuclides in the table. The few exceptions are as follows: barium-140 was reported in October for Alaska, and Colorado, 11 pCi/kg. Barium-140 was also 
reported in December for Washington, 16 pCi/kg. Strontium-89 was reported in November for Colorado, 10 pCi/kg. 
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Table 2. Concentrations and intake of stable elements and radionuclides in Institutional 
total diets of individuals at auxiliary stations, October-December 1967 
| Calcium Potassium 
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NA, no analysis. 

NS, no sample. 

Note: Since iodine-131, barium-140, and strontium-89 were not detectable at most stations during the fourth quarter 1967, no provision was made for 
these nuclides in the table. The few exceptions are as follows: barium-140 was reported in October for California, 14 pCi/kg; and Nevada, 11 pCi/kg. 
Barium-140 was also reported in December for New Mexico, 13 pCi/kg. Strontium-89 was reported in November for Oregon, 6 pCi ‘kg. 


Table 3. 1967 annual average concentration and intake of stable elements and radio- 
nuclides in Institutional total diets of children (9-12 years of age) 
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May 1967: 13 pCi/ 
September 1967: 
October 1967: 
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Table 4. 1967 annual average concentrations and intake of stable elements and 
radionuclides in Institutional total diets of individuals (auxiliary stations) 


Calcium 


Location of Institution 


Juneau 

San Francisco 
Columbia 
Omaha... - 
Carson City 
Albuquerque - 
Woodburn __. 


American Folk 


Srwroorwe 


Utah: 


Institutional average 


—NNK thw 
pes se ee ee 








N 
oS 
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in the table. The exceptions are as follows: 
January 1967: 
pCi/kg in Nevada. 
March 1967: Barium-140 was reported for Oregon, 13 pCi/kg. 
May 1967: 
October 1967: 
November 1967: 


6 pCi/kg of strontium-89 was reported in Nevada. 
December 1967: 


Annual averages 


Annual average radionuclide concentrations 
and intakes are presented in tables 3 and 4 
for the basic and auxiliary stations. During 
1967, the annual average intake for the basic 
stations was 1.77 kg/day as compared to 2.18 
kg/day in the auxiliary stations. This is due 
to the fact that the basic stations sample diets 
of children from ages 9-12 while the auxiliary 
stations usually sample diets of children who 
are older and consume more food. The levels 
of radionuclide intake in both the basic and 
auxiliary stations were similar. 


Recent coverage in Radiological Health Data and 
Reports: 
Period 


April-June 1967 
July-September 1967 


Issue 


January 1968 
April 1968 


July 1968 


27 pCi/kg of iodine-131 was reported in Mississippi and 29 pCi/kg in Nevada. 
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17 pCi/kg of barium-140 was reported in Utah, 31 


11 pCi/kg of iodine-131 was reported in Oregon and Utah. 
Barium-140 was reported in California, 14 pCi/kg in Nevada. 


13 pCi/kg of barium-140 was reported in New Mexico. 
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SECTION Il. 


The Public Health Service, the Federal Water 
Pollution Control Administration and other 
Federal, State, and local agencies operate ex- 
tensive water quality sampling and analysis 
programs for surface, ground, and treated 
water. Most of these programs include deter- 
minations of gross beta and gross alpha radio- 
activity and specific radionuclides. 

Although the determination of the total 
radionuclide intake from all sources is of pri- 
mary importance, « measure of the public 
health importance of radioactivity levels in 
water can be obtained by comparison of the 
observed values with the Public Health Service 
Drinking Water Standards (1). These stand- 
ards, based on consideration of Federal Radia- 
tion Council (FRC) recommendations (2-4), 
set the limits for approval of a drinking water 
supply containing radium—226 and strontium-— 
90 as 3 pCi/liter and 10 pCi/liter, respectively. 


Water Sampling Program 





WATER 


Limits may be set higher if the total intake of 
radioactivity from all sources remains within 
the guides recommended by FRC for control 
action. In the known absence’ of strontium—90 
and alpha-particle emitters, the limit is 1,000 
pCi/liter gross beta radioactivity, except when 
additional analysis indicates that concentra- 
tions of radionuclides are not likely to cause 
exposures greater than the limits indicated by 
the Radiation Protection Guides. Surveillance 
data from a number of Federal and State pro- 
grams are published periodically to show cur- 
rent and long-range trends. Water sampling 
activities recently reported in Radiological 
Health Data and Reports are listed below. 


' Absence is taken to mean a negligibly small frac- 
tion of the specific limits of 3 pCi/liter and 10 pCi/liter 
for unidentified alpha-particle emitters and strontium- 
90, respectively. 


Period reported Last presented 








California 

Colorado River Basin 

Coast Guard 

Minnesota 

New York 

Radiostrontium in Tap Water, HASL 
Washington 


January—June 1967 
1965-1966 
January—December 1966 
January—June 1967 
January—May 1967 
July-December 1967 
July 1965-—June 1966 


June 1968 
May 1968 
November 1967 
January 1968 
January 1968 
June 1968 
August 1967 
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Gross Radioactivity in Surface Waters of the United States, January 1968 


Division of Pollution Surveillance 
Federal Water Pollution Control 
Administration 
Department of the Interior 


The monitoring of levels of radioactivity in 
surface waters of the United States was begun 
in 1957 as part of the Water Pollution Surveil- 
lance System currently operated by the Federal 
Water Pollution Control Administration. Table 
1 presents the current preliminary results of 
the alpha and beta radioanalyses. The radio- 
activity associated with dissolved solids pro- 
vides a rough indication of the levels which 
would occur in treated water, since nearly all 
suspended matter is removed by treatment 
processes. Strontium—90 results are reported 
semiannually. The stations on each river are 
arranged in the table according to their dis- 
tance from the headwaters. Figure 1 indicates 
the average total beta radioactivity in sus- 


pended-plus-dissolved solids in raw water col- 
lected at each station. A description of the 
sampling and analytical procedures was pub- 
lished in the August 1967 issue of Radiological 
Health Data and Reports. 

Complete data and exact sampling locations 
for 1958 through 1963 are published in annual 
compilations (1-6). Data for subsequent years 
are available on request. 

Special note is taken when the alpha radio- 
activity concentration is 15 pCi/liter or greater 
or when the beta radioactivity concentration 
is 150 pCi/liter or greater. These arbitrary 
levels provide a basis for the selection of cer- 
tain data for comment. They reflect no public 
health significance as the Public Health Service 


























Figure 1. Sampling locations and associated total beta radioactivity (pCi/liter) 
in surface waters, January 1968 
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Table 1. Radioactivity in raw surface waters, January 1968 





Average beta 
radioactivity 
(pCi/liter) 


Average alpha | 
radioactivity 
(pCi/liter) | 

Station Rear 

Dis- Total | Sus- Dis- 
pended | solved 


pended 


Cedar Hill, N. Mex 
Arkansas River: 
Coolidge, Kans__- - 
Ponca City, Okla 
Atchafalaya River: 
Morgan City, La. 
Bear River: 
Preston, Idaho 
Big Horn River: 
Hardin, Mont 
Big Sioux River: 
Sioux Falls, 8. Dak 
Clearwater River: 
Lewiston, Idaho 
Clinch River: 
Clinton, Tenn 
Kingston, Tenn * 
Colorado River: 
Loma, Colo 
Page, Ariz-_-_-_-_-- 
Parker Dam, Calif- 


Animas River: | 
} 








Ariz 
Columbia River: 
‘asco, Wash * 
Clatskanie, Ore 
Connecticut River: 
Enfield Dam, Conn 
Cumberland River: 
Cheatham Lock, 
Tenn 
Great Lakes: 
Duluth, Minn 
Hudson River: 
Poughkeepsie, N. Y. 
Illinois River: 
Peoria, Ill 
Kansas River: 
DeSoto, Kans 
Klamath River: 
Keno, Ore 
Mississippi River: 
St. Paul, Minn ; 0 
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Average beta 
radioactivity 
(pCi/liter) 


Average alpha 
radioactivity 
(pCi/liter) 
Station 





Dis- Total Dis- | Total 


solved solv 





E. St. Louis, Ill - - - 
New Orleans, La- - - - 
Missouri River: 
Williston, N. Dak-_--- 
Bismarck, N. Dak - -- 
St. Joseph, Mo 
North Platte River: 


Albeni Falls Dam, 
Platte River: 
Plattsmouth, Nebr--- 
Potomac River: 
Washington, D. C._- 
Rainy River: 
Baudette, Minn 
Red River, North: 
Grand Forks, 
N. Dak. 
Rio Grande: 
Laredo, Tex 
San Juan River: 
Shiprock, N. Mex-_..- 
Savannah River: 
Port Wentworth, 
Ga*__. ae 
Snake River: 
Payette, Idaho 
South Platte River: 
Julesburg, Colo 
Tennessee River: 
Chattan , Tenn_-. 
Yellowstone River: 
Sidney, Mont 


Maximum - -- -- 














Minimum 














® Gross beta radioactivity at this station may not be directly comparable to gross beta radioactivity at other stations because of the possible contribution 
of radionuclides from an upstream nuclear facility in addition to the contribution from fallout and naturally occurring radionuclides. 


drinking water standards have already pro- 
vided the basis for this assessment. Changes 
from or toward these arbitrary levels are also 
noted in terms of changes in radioactivity per 
unit weight of solids. A discussion of gross 
radioactivity per gram of solids for all stations 
of the Water Pollution Surveillance System for 
1961 through 1965 has been presented (7). 
Comments are made only on monthly average 
values. Occasional high values from single 
weekly samples may be absorbed into a rela- 
tively low average. When these values are 
significantly high, comment will be made. 
During January, the following stations 
showed values in excess of 15 pCi/liter on 
alpha radioactivity for dissolved solids: 


Arkansas River; Coolidge, Kans. 
North Platte River; Henry, Nebr. 
South Platte River; Julesburg, Colo. 


July 1968 


During January 1968, Pasco, Wash., on the 
Columbia River increased in average value to 
more than 150 pCi/liter on beta radioactivity 
for dissolved solids. 
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Radioactivity in Florida Waters, 1965 and 1966 ' 


Division of Radiological Health 
Florida State Board of Health 


The Florida State Board of Health samples 
raw surface water from locations in 13 hydro- 
logical subbasins. In nine of these subbasins, 
raw ground water is also sampled. The samples 
are collected on a variable frequency and 
analyzed for gross alpha and beta radioactivity. 

Figure 1 shows the locations of the surface 
water subbasins from which samples are ob- 
tained. Average gross alpha and gross beta 
radioactivity levels in raw surface waters 
during 1965 are presented in table 1; table 2 
gives the radioactivity levels in ground waters. 

In addition to the sampling done by the Flor- 
ida State Board of Health, the Bioenvironmen- 


1 Data taken from “Report of Florida Radiological 
Data, Environmental Monitoring Programs, 1965” and 
“Report of Florida Radiological Data, Environmental 
Monitoring Programs, 1966,” Florida State Board of 
Health, Bureau of Preventable Diseases, Division of 
Radiological Health, Jacksonville, Fla. 


tal Engineering Research Laboratory, Univer- 
sity of Florida, samples raw surface water and 
water supplies in Alachua County and analyzes 
the samples for gross alpha and gross beta 
radioactivity. Samples are taken monthly from 
each sampling point with the exception of the 
City of Gainesville where raw water is sam- 
pled daily. These data for 1965 are summarized 
in table 3 as quarterly and yearly averages. 
The yearly average beta radioactivity in sur- 
face waters was slightly higher than that in 
ground waters. This additional beta radio- 
activity in surface waters can be attributed to 
fallout. The alpha radioactivity, which is at- 
tributed to natural radioactivity of minerals, 
is the same for ground and surface water. 
During 1966, 64 samples out of a total of 
421 collected from the 238 sampling sites 
showed gross beta radioactivity greater than 
the minimum reporting concentration of 10 
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Figure 1. Hydrological surface subbasins in Florida 
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Table 1. Gross alpha and beta radioactivity in raw surface water, 1965 





Radioactivity tration 
(pCi/liter) 
Location eee : : ne a 
subbasin 
January-March October-December Yearly average 








Alpha Beta Alpha 





St. Marys-Nassau River _-_ - 
St. Johns River 
Suwannee River - - 


Ochlockonee-St. Marys River 


Withlacoochee River 
Tampa Bay Area 


Peace River. 

Kissimmee River 

Florida East Coastal area 
Lower Florida area 
Apalachicola River 
Choctawhatchee River 


Perdido-Escambia Rivers 








Average 





























* Number in parentheses indicates number of samples. 
ND, nondetectable. 
NS, no sample reported. 


Table 2. Gross alpha and beta radioactivity in ground water, 1965 


Radioactivity c tration 
(pCi/liter) 

Location — ee, ee eRe 

subbasin 

January-March April-June July-September October-December 








Alpha Alpha Alpha 





St. Marys-Nassau River 
St. Johns River (2) 
Suwannee River - 
Ochlockonee-St. Marys River 
Withlacoochee River 

Tampa Bay area 


Peace River 


Apalachicola River 


Choctawhatchee River - 




















(10) (10) 
0.4 13.8 


























* Number in parentheses indicates number of samples. 
ND, nondetectable. 
NS, no sample reported. 
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Table 3. Gross alpha and beta radioactivity in raw water, 1965 


Radioactivity concentration 








Location 
January-March April-June 


Alpha 





Alachua County: 
19 sampling locations 











City of Gainesville 





pCi/liter. Those 64 samples averaged 36 pCi/ 
liter of gross beta radioactivity. Only 5 of the 
421 samples, which averaged 10 pCi/liter of 
gross alpha radioactivity, were greater than 
the minimum reporting concentration of 7 
pCi/liter. The average gross beta radioactivity 
in water supplies is well below the limitations 
imposed by the standard for gross beta radio- 
activity in drinking water (1,000 pCi/liter) 
(1). 

The Bioenvironmental Engineering Research 
Laboratory reported that only 32 of the munici- 
pal water samples (City of Gainesville) and 50 


(pCi/liter) 


October-December 


July-September Yearly average 


Alpha Beta 








of the surface water samples (Alachua County), 
were greater than the reporting minimum in 
1966. The 32 municipal water supply samples 
averaged 16 pCi/liter of gross beta radioactivity 
and the 50 surface water samples averaged 19 
pCi/liter of gross beta radioactivity. 
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(1) PUBLIC HEALTH SERVICE. Public Health 
Service drinking water, standards, Revised 1962, 
PHS Publication No. 956. Superintendent of Docu- 
ments, U.S. Government Printing Office, Washington, 
D.C. 20402 (March 1963). 
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SECTION Iii. 


AIR AND DEPOSITION 


Radioactivity in Airborne Particulates and Precipitation 


Continuous surveillance of radioactivity in 
air and precipitation provides one of the earliest 
indications of changes in environmental fission 
product radioactivity. To date, this surveil- 
lance has been confined chiefly to gross beta- 
radioanalysis. Although such data are insuf- 
ficient to assess total human radiation exposure 
from fallout, they can be used to determine 
when to modify monitoring in other phases of 
the environment. 

Surveillance data from a number of pro- 
grams are published monthly and summarized 
periodically to show current and long-range 
trends of atmospheric radioactivity in the 


Network 


Western Hemisphere. These include data from 
activities of the U.S. Public Health Service, 
the Canadian Department of National Health 
and Welfare, the Mexican Commission of Nu- 
clear Energy, and the Pan American Health 
Organization. 

An intercomparison of the above networks 
was performed by Lockhart and Patterson in 
1962 and is summarized in the January 1964 
issue of Radiological Health Data. In addition 
to those programs presented in this issue, the 
following programs were previously covered 
in Radiological Health Data and Reports: 


Period Issue 


HASL Fallout Network 
HASL 80th Meridian Network 
Plutonium in Airborne Particulates 


March 1968 
January 1967 
November 1967 


January—June 1967 
Calendar Year 1965 
April—June 1967 


July 1968 





1. Radiation Alert Network 
March 1968 


National Center for Radiological Health 
U.S. Public Health Service 


Surveillance of atmospheric radioactivity in 
the United States is conducted by the Radiation 
Alert Network (RAN) which regularly gathers 
samples at 73 locations distributed throughout 
the country (figure 1). Most of the stations 
are operated by State health department per- 
sonnel. 

The station operators perform “field esti- 
mates” on the airborne particulate samples at 
5 hours after collection when most of the radon 
daughter products have decayed and at 29 
hours after collection when most of the thoron 
daughter products have decayed. They also 
perform field estimates on dried precipitation 
samples and report all results to appropriate 
National Center for Radiological Health offi- 


cials by mail or telephone, depending on levels 
found. Compilation of the daily field estimates 
is reported elsewhere on a monthly basis (1). 
A detailed description of the sampling and 
analytical procedures was presented in the 
April 1968 issue of Radiological Health Data 
and Reports. 

Table 1 presents the monthly average gross 
beta radioactivity in surface air particulates 
and deposition by precipitation, as measured 
by the field estimate technique during March 
1968. Time profiles of gross beta radioactivity 
in air for eight Radiation Alert Network sta- 
tions are shown in figure 2. 

All field estimates reported were within nor- 
mal limits for the reporting stations. 
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Figure 1. Radiation Alert Network sampling stations 
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Table 1. Gross beta radioactivity in surface air and precipitation, March 1968 


Precipitation 


Air surveillance Field estimation of deposition 
Station location Number of gross beta radioactivity 
samples (pCi/m') 
————— = Last Total 
| profile in depth Number Depth deposition 
Air | Pptn Maximum | Minimum | Average * |} RHD&R (mm) of samples (mm) (nCi/m?’) 


Ala: Montgomery ; : , d 7.06 a 2.51 y : 54 6 
Alaska: Adak 68 
Anchorage 20 | if . ; . 1 0 
Attu Island 
Fairbanks 
Juneau 
Kodiak 
Nome 
Pt. Barrow 
St. Paul Island 
Phoenix 
Little Rock 


Berkeley 
Los Angeles 
Ancon 
Denver 
Hartford 
Dover 
Washington 
Jacksonville 
Miami 
Atlanta 
Guam: Agana 
Hawaii: Honolulu 


Idaho: Boise 

Til: Springfield 
Indianapolis 
Iowa City 
Topeka 
Frankfort 

: New Orleans 

Maine Augusta 

Md: Baltimore 
Rock ville 

Mass: Lawrence 
Winchester 


SDE UIWNAWD BS He D 


nc 


Lansing 
Minneapolis 
Jackson 
Jefferson City 
Helena 
Lincoln 

Las Vegas 
Concord 
Trenton 
Santa Fe 
Albany 
Buffalo 

New York City 


Gastonia 
: Bismarck 
Ohio: Cincinnati 
Columbus 
Painesville 
Oklahoma City 
Ponca City 
Portland ; 
Harrisburg - 
San Juan 
Providence 
Columbia 








oo 


Pierre __- 
Nashv ile. 


Say 


Salt Lake C ity_ 
Barre ___- 
Richmond _ 
Seattle __- 
Spokane 
Charleston _ _ 
Madison 
Cheyenne 





WOME OwWonen 
Sons 














-mwoo 





Network summary....__...___._._- 1,324 | 263 








o 














* The monthly average is calculated ~ weighting th the field estimates of individual air samples with length of sampling period. 
> No report received. (Air samples received without field estimate data are not considered by the data program). 

© No precipitation samples collected. 

4 Indicates that the station is part of the plutonium in precipitation network. No gross beta measurements are done. 

¢ Samples were collected but no field estimates were repor 
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Figure 2. Monthly and yearly profiles of beta radioactivity in air— 
Radiation Surveillance Network, 1962—March 1968 
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2. Canadian Air and Precipitation 
Monitoring Program,' March 1968 
Radiation Protection Division 
Department of National Health and Welfare 

The Radiation Protection Division of the 
Canadian Department of National Health and 
Welfare monitors surface air and precipitation 
in connection with its Radioactive Fallout Study 
Program. Twenty-four collection stations are lo- 
cated at airports (figure 3), where the sam- 
pling equipment is operated by personnel from 
the Meteorological Services Branch of the De- 
partment of Transport. Detailed discussions of 
the sampling procedures, methods of analysis, 
and interpretation of results of the radioactive 
fallout program are contained in reports of the 
Department of National Health and Welfare 
(2-6). 

A summary of the sampling procedures and 
methods of analysis was presented in the April 
1968 issue of Radiological Health Data and 
Reports. 

Surface air and precipitation data for March 
1968 are presented in table 2. 


1 Prepared from information and data in the April 
1968 Monthly report “Data from Radiation Protection 
Program” Canadian Department of National Health 
and Welfare, Ottawa, Canada. 





Table 2. Canadian gross beta radioactivity in surface 
air and precipitation, March 1968 


Station 





Calga 


Coral Harbour. ...--- 


Edmonton__-- 
Ft. Churchill 


Ft. William --- - 
Fredericton - _ _- 
Goose Bay _. 

a 


a 
Montreal - - - - _ - 


Saskatoon 
Saulte Ste Marie - 
Toronto. . 
Vancouver 


Whitehorse - 
Windsor 
Winnipeg -__-- -- 
Yellowknife 


Network summary - 


NS, no sample. 
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Figure 3. Canadian air and precipitation sampling stations 
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3. Mexican Air Monitoring Program 
March 1968 


National Commission of Nuclear Energy 


The Radiation Surveillance Network of Mex- 
ico was established by the Comisién Nacional 
de Energia Nuclear (CNEN), México, D.F. 
From 1952 to 1961, the network was directed 
by the Institute of Physics of the University of 
Mexico, under contract to the CNEN. 

In 1961, the CNEN appointed its Division 
of Radiological Protection to establish a new 
Radiation Surveillance Network. In 1966, the 
Division of Radiological Protection was re- 
structured and its name changed to Direccion 
General de Seguridad Radiolégica (DRS). The 
network consists of 16 stations (figure 4), 11 of 
which are located at airports and operated by 
airline personnel. The remaining five stations 
are located at México, D.F.; Mérida; Veracruz; 
San Luis Potosi; and Ensenada. Staff members 
of the DRS op2rate the station at México, D.F., 
while the other four stations are manned by 
members of the Centro de Previsién del Golfo 
de México, the Chemistry Department of the 


University of Mérida, the Institute de Zonas 
Desérticas of the University of San Luis Potosi, 
and the Escuela Superior de Ciencias Marinas 
of the University of Baja California, respec- 
tively. 


Sampling 


The sampling procedure involves drawing air 
through a high-efficiency 6- by 9-inch glass- 
fiber filter for 20 hours a day, 3 or 4 days a 
week at the rate of 1,000 cubic meters per day 
using high volume samplers. 

After each 20-hour sampling period, the fil- 
ter is removed and shipped via airmail to the 
Seccién de Radioactividad Ambiental, CNEN, 
in México, D.F., for assay of gross beta radio- 
activity, allowing a minimum of 3 or 4 days 
after collection for the decay of radon and 
thoron daughters. The data are not extrap- 
olated to the time of collection. Statistically, 
it has been found that a minimum of 5 samples 
per month were needed to get a reliable aver- 
age radioactivity at each station (7). 

The maximum, minimum, and average beta 
radioactivity in surface air during March 1968 
are presented in table 3. 
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Figure 4. Mexican air sampling locations 
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Table 3. Mexican gross beta radioactivity of airborne 
particulates, March 1968 





aor ad 


oO 
Station samples 


Acapulco ee 
Chihuahua - - - - -- 
Ciudad Juérez - 
Ensenada 


— 
Neo 


Guadalajara 
Guaymas 

La Paz 
Matamoros 


Z ZZ 
Dann 


Mazatlan 
Mérida 
México, D. F.. 
Nuevo Laredo 


or = 3 00 


San Luis Potosi 
Tampico _ - 
Torreén 
Veracruz 





NS, no sample collected. 


4. Pan American Air Sampling Program 
March 1968 


Pan American Health Organization and 
U. S. Public Health Service 


Gross beta radioactivity in air is monitored 
by countries in the Americas under the aus- 
pices of the collaborative program developed 
by the Pan American Health Organization 
(PAHO) and the U.S. Public Health Service 
(PHS) to assist PAHO-member countries in 
developing radiological health programs. 

The air sampling station locations are shown 
in figure 5. Analytical techniques were de- 
scribed in the January 1968 Radiological 


Table 4. Summary of gross beta radioactivity in 
Pan American surface air, March 1 
| Number 
Station of 
location samples 


Gross beta radioacitivity 
(pCi/m') 


| Maximum | Minimum | ‘Average * 


Buenoa Aires - 
oY = 
Santiago - - - - 
Bogota 
Guayaquil __ - - 
Jamaica: Kingston__ 
Peru: Lima. 
Venezuela: C 


West 
Indies: Trinidad - - - 


Argentina: 
Bolivia: 
Chile: 
Colombia: 
Ecuador: 


172 





Pan American summary 


0.36| 0.00 a 0.06 
| | 





Maximum | Minimum | Average * 


0.2 0. 
1 ‘ 


1 
4 














Health Data and Reports. The March 1968 air 
monitoring results from the participating 
countries are given in table 4. 
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* The monthly average is calculated by weighting the individual samples 
with length of sampling period. Values of less than 0.005 pCi/m* are 
reported and used in averaging as 0.00 pCi/m*. 
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Figure 5. Pan American Air Sampling Program stations 
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SECTION IV. OTHER DATA 


This section presents results from routine 
sampling of biological materials and other 
media not reported in the previous sections. 
Included here are such data as those obtained 


from human bone sampling, bovine thyroid 
sampling, Alaskan surveillance and environ- 
mental monitoring around nuclear facilities. 





Environmental Levels of Radioactivity 


Commission Installations 


The U.S. Atomic Energy Commission re- 
ceives from its contractors semiannual reports 
on the environmental levels of radioactivity in 
the vicinity of major AEC installations. The 
reports include data from routine monitoring 
programs where operations are of such a nature 
that plant environmental surveys are required. 

Releases of radioactive materials from AEC 
installations are governed by radiation stand- 
ards set forth by AEC’s Division of Operational 


at Atomic Energy 


Safety in directives published in the AEC 
Manual.' 

Summaries of data from the environmental 
radioactivity monitoring reports follow for the 
Oak Ridge Area, and the Portsmouth Area 
Gaseous Diffusion Plant. 


1 Title 10, Code of Federal Regulations, Part 20 
“Standards for Protection Against Radiation,” con- 
tains essentially the standards published in Chapter 
0524 of the AEC Manual. 





1. Oak Ridge Area 
January-June 1967 * 


Union Carbide Nuclear Company 
Oak Ridge, Tennessee 


Oak Ridge Area is a complex made up pri- 
marily of the Y-12 Plant, the Oak Ridge Na- 
tional Laboratory (ORNL), and the Oak Ridge 
Gaseous Diffusion Plant (ORGDP). 

Radioactive waste materials arising from 
the operation of atomic energy installations in 
the Oak Ridge area are collected, treated, and 
disposed of according to their physical states. 
Solid wastes are buried in a Conasauga shale 
formation which has a marked ability to fix 
radioactive materials by an ion exchange mecha- 
nism. Liquid wastes which contain long-lived 


2 Summarized from “Environmental Levels of Radio- 
activity for the Oak Ridge Area, January—June 1967,” 
Health Physics and Safety Section, Health Physics 
Division, Oak Ridge National Laboratory. 


July 1968 


fission products are confined in storage tanks 
or are released to trenches located in the 
Conasauga shale formation. Low-level liquid 
wastes are discharged, after preliminary treat- 
ment, to the surface streams. Air that may 
become contaminated by radioactive materials 
is exhausted to the atmosphere from several 
tall stacks after treatment by means of filters, 
scrubbers, and/or precipitators. 


Air monitoring 


Atmospheric contamination by radioactive 
materials occurring in the general environment 
of East Tennessee is monitored by two systems 
of monitoring stations. One system consists of 
nine stations which encircle the plant areas 
(figure 1) and provide data for evaluating the 
impact of all Oak Ridge operations on the im- 
mediate environment. A second system con- 
sists of eight stations encircling the Oak Ridge 
area at distances of from 12 to 75 miles (figure 
2). This system provides data to aid in evalu- 
ating local conditions and to assist in deter- 
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Figure 1. Oak Ridge area environmental sampling locations 


mining the spread or dispersal of contamina- 
tion should a major incident occur. 

Sampling for radioactive particulates is car- 
ried out by passing air continuously through a 
filter paper. Average concentrations are pre- 
sented in tables 1 and 2. Airborne radioactive 
iodine is monitored in the immediate environ- 
ment of the plant areas by passing air through 
a cartridge containing activated charcoal. 

During the January—June 1967 surveillance 
period, 234 samples were collected from perim- 
eter monitoring stations and analyzed for 
iodine-131. Of these, the maximum concentra- 
tion detected was 0.12 pCi/m’, the minimum 


was less than 0.010 pCi/m'*, and the average 
was 0.018 pCi/m*. The radiation protection 
standard specified in the AEC Manual for 
iodine-131 in the ambient atmosphere in un- 
controlled areas is 100 pCi/m*. 


Milk monitoring 


Raw milk is monitored for iodine-131 and 
strontium-90 by the collection and analysis of 
samples from 12 sampling stations located 
within a radius of 50 miles of ORNL. Samples 
are collected weekly at each of eight stations 
located on the fringe of the Oak Ridge area. 


Table 1. Long-lived gross beta radioactivity of particulates in air 


Perimeter stations 





Average 
concen- 
tration 

(pCi/m') 


Station number 
(figure 1) 


Number of 


Percent of 
samples AEC 


standard * 





Oak Ridge area, January-June 1967 


Remote stations 
| a 
| Average 
Number of concen- 
samples tration 
(pCi/m*) 


Station number 
(figure 2) 


Percent of 
AEC 


standard * 








0.18 











* The applicable AEC Radiation Protection Standard is 100 pCi/m*. 
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Figure 2. Remote air monitoring stations, Oak Ridge area 


Table 2. Long-lived gross alpha radioactivity of particulates in air 


Oak Ridge area, January-June 1967 


Perimeter stations 


Average 
concen- 
tration 

(pCi/m*) 


Station number 
(figure 1) 


Number of 


Percent of 
samples AEC 


standard * 








Average 








Average. 





Remote stations 


Average 
concen- 
tration 

(pCi/m*) 


Station number 
(figure 2) 


Number of 


Percent of 
samples AEC 


standard * 














* The applicable AEC Radiation Protection Standard for natural uranium in air is 2 pCi/m*. 


Four stations, located more remotely with re- 
spect to the Oak Ridge operations, are sampled 
at a rate of one station each week. The purpose 
of the milk sampling program is twofold: first, 
samples collected in the immediate vicinity of 
the Oak Ridge area provide data by which one 
may evaluate possible exposure to the neigh- 
boring population resulting from waste releases 
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from Oak Ridge operations; second, samples 
collected at the more remote stations provide 
background data which are essential in estab- 
lishing the proper index for the evaluation of 
data obtained from local samples. The concen- 
trations of iodine-131 and strontium—90 de- 
tected in raw milk samples during the period 
are given in table 3. 





Table 3. Radionuclides in raw milk, Oak Ridge area, 
January-June 1967 





Concentration 
(pCi /liter) 


Radionuclide and location 


Maximum | Minimum * 


lodine-131: ' 
Immediate environs 
Remote environs - 


Strontium-90: ; 
Immediate environs 
Remote environs 














* The minimum detectable concentrations of iodine-131 and strontium-90 
in milk are 10 pCi/liter and 2 pCi/liter, respectively. In averaging, one- 
half of the minimum detectable concentration was used for all samples 
showing an activity less than this concentration. 


Water monitoring 


Large volume, low-level liquid wastes origi- 
nating at ORNL are discharged, after some 
preliminary treatment, into the Tennessee 
River System by way of White Oak Creek and 
the Clinch River. Liquid wastes originating at 
the ORGDP and Y-12 Plant are discharged to 
Poplar Creek and thence to the Clinch River. 
Releases are controlled so that resulting aver- 
age concentrations in the Clinch River comply 
with AEC radiation protection standards. The 
radioactivity concentration from White Oak 
Creek is measured, and concentration values 
for the Clinch River are calculated on the basis 
of the dilution provided by the river. 

Water samples are taken at a number of 
locations in the Clinch River, beginning at a 
point above the entry of wastes into the river 
and ending at Center’s Ferry near Kingston, 
Tenn. Stream gauging operations are carried 
on continuously to obtain dilution factors for 
calculating the probable concentrations of 
wastes in the river. 

Samples are analyzed for the long-lived beta 
particle emitters, uranium, and the transuramic 
alpha-particle emitters. 

Analyses are made of the effluent for the 
long-lived radionuclides only, since cooling time 
and hold up time in the waste effluent system are 
such that short-lived radionuclides are normally 
not present. The average concentrations of 
major radionuclides in the Clinch River are 
given in table 4 for the period from January 
through June 1967. 

Two quarterly composite water samples from 
the Clinch River were analyzed for uranium 
during this period. For both samples, the 
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uranium concentrations were less than 1 pCi/ 
liter, the level of detectability. The AEC radia- 
tion protection standard for natural uranium in 
water released to unrestricted areas is 2 x 10* 
pCi/liter. 


Table 4. Concentrations of major radionuclides in the 
Clinch River, January-June 1967 


Average concentration 
(pCi/liter) 


Radionuclide Location on Clinch River * 


Mile: 4.5 
(Down- 
stream) 


Mile: 23.1 » | Mile: 20.8 © 
(Upstream) (Outfall) 


| 
i 


Strontium-90 _ _ 0 

Cerium-144 

SE < 

Ruthenium-106_ - . 

Cobalt-60 _ - aia N 
FF 


—~Oo= 
tom WARWOS 





Zirconium-niobium-95 
Gross beta........... 








® The location on Clinch River is given in terms of the distance upstream 
from the Tennessee River, see figure 1. 

> Sampling station moved from Clinch River mile 41.5 to Melton Hill 
Dam CRM 23.1 about January 1, 1966. 

© The concentrations at miles: 20.8 are not measured directly but the 
values are calculated based on the levels of waste released and the dilu- 
tion provided by the river. 

ND indicates none was detected. 


Gamma measurements 


External gamma radiation levels are meas- 
ured monthly at a number of locations in the 
Oak Ridge area. Measurements are taken with 
a Geiger-Mueller tube at a distance of 3 feet 
above the ground. The results are shown in 
table 5 in terms of mR/hr. 


Table 5. External gamma radiation levels*, 
Oak Ridge area, January-June 1967 





Average dose rates 
(mR/hr) 


Location 


Solway Gate --- 
Y-12, East Portal 
Newcomb Road. ----- --- 
Gallaher Gate-_-__---_----- 
White Wing Gate 





Five locations 





® The background in the Oak Ridge area, determined in 1943, was 
approximately 0.012 mR/hr. 


Discussion of data 


The average air contamination levels for 
gross beta radioactivity, as shown by the con- 
tinuous air monitoring filter data, for both the 
immediate and remote environs of the plants 
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(figures 1 and 2) were 0.18 percent of the AEC 
radiation protection standard for populations 
in the neighborhood of a controlled area. These 
levels are 1.8 times higher than those for the 
last half of 1966. 

The average air contamination levels for 
gross alpha radioactivity, as shown by the con- 
tinuous air monitoring filter data, for the im- 
mediate and remote environs of the plants were 
0.30 percent and 0.20 percent, respectively, of 
the AEC radiation protection standard for 
natural uranium for application to populations 
in the neighborhood of a controlled area. 

The average concentration of iodine—131 in 
air in the immediate environs of the plants was 
0.018 pCi/m". This is approximately 0.018 
percent of the AEC radiation standard for 
populations in the neighborhood of a controlled 
area. 

The average concentrations of iodine—131 in 
raw milk in the immediate and remote environs 
of the Oak Ridge area were 30 pCi/liter and 
8.2 pCi/liter, respectively. The maximum con- 
centration observed, 930 pCi/liter, occurred on 
January 11, 1967, approximately 7 days after 
the arrival in the Oak Ridge area of fallout 
containing fresh fission products. The average 
values fall within the limits of FRC Range II 
if the average intake per individual is assumed 
to be 1 liter of milk per day. 

The average concentrations of strontium—90 
in raw milk in the immediate and remote en- 
virons of the controlled area were 27 pCi/liter 
and 24 pCi/liter, respectively. These levels fall 
near the lower limit of FRC Range II for 
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transient rates of daily intake of strontium—90 
for application to the average of suitable sam- 
ples of an exposed population. 

The calculated average concentration of gross 
beta radioactivity in the Clinch River at mile 
20.8 (the point of entry of most of the wastes) 
and the measured average concentration at 
mile 4.5 (near Kingston, Tenn.) were 16 pCi/ 
liter and 5.3 pCi/liter, respectively. These 
values are 0.76 percent and 0.38 percent of the 
weighted average AEC radiation protection 
standards. The average concentration of trans- 
uranic alpha-particle emitters in the Clinch 
River at mile 20.8 was 0.10 pCi/liter which is 
approximately 0.005 percent of the weighted 
average AEC radiation protection standard. 

The average activity of natural uranium ma- 
terials in the Clinch River, reflecting the effects 
of all Oak Ridge plants, was less than 0.01 
percent of the AEC radiation protection stand- 
ard for natural uranium. 

The average external gamma radiation meas- 
ured in the town of Oak Ridge and at the 
perimeter of the Oak Ridge area was 0.011 
mR/hr, which is approximately the same as 


that level measured during the period prior to 
Oak Ridge operations. 


Recent coverage in Radiological Health Data and 
Reports: 
Period 


January-June 1966 
July—December 1966 


Issue 


January 1967 
August 1967 





2. Portsmouth Area Gaseous Diffusion Plant * 
July-December 1967 


Goodyear Atomic Corporation 
Piketon, Ohio 


The separation of uranium isotopes by the 
gaseous diffusion process presents control prob- 
lems similar to any chemical process using 
toxic solvents and extraction solutions. Natural 
uranium and thorium—234 are the most likely 
radionuclides to be released to the environment 
by the Portsmouth Area Gaseous Diffusion 
Plant. Since natural uranium is an alpha- 
particle emitter and thorium—234 is a beta- 
particle and gamma-ray emitter, environmental 
monitoring is conducted for evidence of alpha- 
particle, beta particle and gamma-ray emitters 
to test the effectiveness of plant controls. 

Air samples are generally collected monthly 
at 21 sites located from 1 to 6 miles from the 
plant as shown in figure 3. Monthly water 
samples are collected at 13 stations within 5 
miles of the plant. 

For the second half of 1967, the waterborne 
beta-gamma radioactivity and the background 
exposure increased over the first half values. 
The airborne alpha, airborne beta-gamma, and 
the waterborne alpha radioactivity remained 
essentially unchanged. For calendar year 1967 
versus calendar year 1966, all values remained 


3’ Data summarized from B. Kalman and S. H. 
Hulett: “Environmental Radiation Levels and Concen- 
trations, Second Half and Annual Summaries 1967” 
(February 8, 1968). 


Type of monitoring 





Air: . ’ 
Alpha radioactivity, pCi/m* 
Beta-gamma radioactivity, pCi/m*®_______-_- 


Water: ; 
Alpha radioactivity, pCi/liter_ 
Beta-gamma radioactivity, pCi/liter___._____- 


Background exposure > 
mrad/hr 





* The applicable AEC standards are as follows: 
Air (alpha radioactivity) 
Air (beta-gamma radioactivity) 
Water (alpha radioactivity) 
Water (beta-gamma radioactivity) 
External beta-gamma radioactivity 
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Figure 3. Sampling locations, Porismeuth Area 
Gaseous Diffusion Plant 


unchanged except for the waterborne beta- 
gamma radioactivity value which increased 
significantly. However, the 1967 value is only 
0.24 percent of the AEC concentration stand- 
ard. 

Average background exposure rates remained 
unchanged from the 1966 values. In the cal- 
culations it is assumed that all of the exposure 
rates are attributable to plant operations. As 
in the past, the offsite and onsite patterns are 
very much alike in form and intensity with 
no significant differences between the average 
values. From the onsite and offsite intensities, 
it is evident that the plant operations have not 
added appreciably to the general background 
radiation. 

Average alpha and beta-gamma radioactivity 
concentrations in air and water are summar- 
ized in table 6. The external gamma-radiation 


Table 6. Environmental radioactivity, Portsmouth Plant, July-December 1967 


Average as a 


Maximum | Minimum | Average percent of 
AEC 


standard * 














2 pCi/m' 

1x10° pCi/m* 

2x10‘ pCi/liter 

2x10* pCi/liter 

0.5 rem/yr (approx. 0.06 mrad/hr) 


> Measurements were made with an open-shield Gieger-Mueller tube 1 foot above ground. The 3-foot rate 
(not shown) was experimentally determined to average two-thirds of the 1-foot rate and was used to determine the 


percent of the AEC standard. 
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levels, measured at the air sampling locations 
shown in figure 3, are also summarized in table 
6. The overall average concentrations and 
background exposure rates for 1966 and the 
first half of 1967 are presented in table 7 as 
percents of standards. 


Recent coverage in Radiological Health Data and 
Reports: 
Period 


July—December 1966 
January—June 1967 


Issue 


September 1967 
January 1968 


Table 7. Comparison of average concentrations 
Portsmouth Plant, 1966 and 1967 


Percent of AEC standard * 


1967 1968 
Type of monitoring 


| Calen- | 
Second dar | Calendar 
half year year 


Air: : 
Alpha radioactivity . 
Beta-gamma radioactivity 


Water: 
Alpha radioactivity - pienitd 
Beta-gamma radioactivity 








Background exposure extrap- 
olated to 3 feet above 
ground level _ - - - peed | 17.9 

| 





* See footnote (a) of table 6. 
> This value was reported in error as 17.5 for the first half of 1967. 


Reported Nuclear Detonations, June 1968 


The U.S. Atomic Energy Commission an- 
nounced a nuclear test or low yield (20 kilotons 
or less TNT equivalent) was conducted under- 
ground at its Nevada Test Site on June 6, 1968. 

The U.S. Atomic Energy Commission an- 
nounced that the United States had twice re- 
corded seismic signals originating from the 
Soviet underground nuclear test area in the 
Semipalatinsk region. On June 12, 1968, the 
signals were equivalent to those of a nuclear 
test in low yield range (less than 20 kilotons 
TNT equivalent) and on June 19, 1968, the 
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United States recorded seismic signals equiva- 
lent to those of a nuclear test in the low-inter- 
mediate range (20-200 kilotons TNT equiva- 
lent. 

Announcements were also made by the U.S. 
Atomic Energy Commission of two nuclear 
tests of low-intermediate yield (20 to 200 kilo- 
tons TNT equivalent) that were conducted un- 
derground by the Atomic Energy Commission 
at its Nevada Test Site on June 15 and June 28, 
1968. 
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SYNOPSES 


Synopses of reports, incorporating a list of key words, are furnished 
below in reference card format for the convenience of readers who may 
wish to clip them for their files. 


TRITIUM IN SURFACE WATERS OF THE UNITED STATES, 
1956. A. A. Moghissi and C. R. Porter. Radiological Health Data and 
Reports, Vol. 9, July 1968, pp. 337-339. 


During 1964, a tritium sampling network was established by the 
Public Health Service to measure the levels and consequently to deter- 
mine the public health significance of tritium in surface waters of the 
United States. The analytical procedures used are described. Data for 
the samples obtained are presented. A means for estimating the radia- 
tion dose resulting from tritium in the body is developed. The calcu- 
lations presented apply only to the areas sampled and cannot necessarily 
be extrapolated to other locations. 


KEYWORDS: population, radiation dose, surface waters, tritium, trit- 
ium sampling network. 


TRITIATED MOISTURE IN THE ATMOSPHERE SURROUNDING 
A NUCLEAR FUEL REPROCESSING PLANT. J. C. Daly, A. V. 
Manchester, J. J. Gabay, and N. I. Sax. Radiological Health Data and 
Reports, Vol. 9, July 1968, pp. 341-346. 


A new wide-area sampling technique was used to collect more than 
700 tritiated moisture samples over a 2-month period from seven 
sampling legs radiating out from a nuclear fuel reprocessing plant. 
For the 28 sampling periods studied, the average tritium radioactivity 
on the sampling leg northwest of the plant exceeded 2,500 pCi/liter, 
75 percent of the time and exceeded 10,000 pCi/liter, 39 percent of the 
time as opposed to ambient levels of <2,500 pCi/liter. The highest 
tritium level recorded was 26,400 pCi/liter. These data are reported 
not so much for their epidemiologic value as for their value to public 
health agencies contempating radiological surveillance around nuclear 
facilities. 


KEYWORDS: atmosphere, nuclear facilities, nuclear fuel reprocessing 
plant, radiological surveillance, tritiated moisture. 
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